Background: Those responsible for planning and commissioning health services require a method of assessing the benefits and costs of interventions. Quality-adjusted life years, based on health-related quality of life (HRQoL) estimates, can be used as part of this commissioning process. The purpose of this study was to generate nationally representative HRQoL estimates for cardiovascular disease (heart attack, angina and stroke) and predisposing conditions (diabetes, hypertension and obesity) and assess differential impacts by socio-economic position using data from the Health Survey for England. Methods: Regression modelling was used to estimate the relationship of EQ-5D index scores with each condition independently and differentially by socio-economic position. Results: Of the cardiovascular conditions/risk factors considered, having doctor-diagnosed stroke, heart attack or angina were each associated with the greatest decreases in EQ-5D. With the exception of heart attack, the reduction in EQ-5D associated with the condition/risk factor was greater for those occupying lower socio-economic positions, statistically significantly so for obesity, hypertension and diabetes. Conclusion: The estimates calculated provide nationally representative baseline data for England, which can be used for modelling the impact of interventions on HRQoL. They illustrate the importance of socio-economic circumstances for the association between a given condition/risk factor and HRQoL.
Introduction
T he UK's National Health Service (NHS) has a responsibility to monitor the health of the population and to commission services and interventions that will improve health. The UK's four national Departments of Health and other UK Government departments have a similar statutory responsibility to evaluate the impact of policy interventions on health and other outcomes. 1 In the face of finite resources, it is useful to know which interventions yield the greatest benefit. One way of comparing across diverse interventions aimed at tackling different conditions and risk factors is to measure their impact on length of life and on health-related quality of life (HRQoL). Quality of life measures incorporate the perspective of the user. They can also be used as an input to calculate quality-adjusted life years (QALYs) for health economic evaluation.
2 Cardiovascular disease is important in terms of disease burden in the UK and throughout Europe 3, 4 and quality of life 5 and is the focus of the present study.
The EuroQoL EQ-5D has been used extensively in Europe, the USA and worldwide. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The EQ-5D has been compared across a range of long-term conditions, including cardiovascular disease, for large samples representative of the USA, Canadian and European populations 5, 9, [12] [13] [14] but not the UK population. In addition, several studies indicate a lower HRQoL among those occupying lower socio-economic positions and have demonstrated independent effects of socio-economic status and cardiovascular conditions. 5, 10, [12] [13] [14] [15] Few studies have investigated a possible differential impact of cardiovascular disease on HRQoL according to socio-economic position, some confirming statistically significant interactions between socio-economic indicators and HRQoL 16, 17 and others not finding evidence of clinically important interactions. 18 The aims of the current study were (i) to generate HRQoL estimates for cardiovascular disease and predisposing conditions for a representative sample of adults in England, to provide baseline information for intervention studies to reduce cardiovascular disease and (ii) to investigate possible differential associations between EQ-5D index scores and cardiovascular disease/predisposing conditions by socio-economic position. We hypothesized that EQ-5D index scores would be lower for those with diagnosed cardiovascular disease or predisposing conditions compared with those with no disease or predisposing condition. Based on previous work, [16] [17] [18] we further hypothesized that the differential between diseased and not diseased would be larger among those in greater socio-economic disadvantage.
Methods

Data source
The Health Survey for England (HSE) is an annual cross-sectional survey of a new random sample, representative of the non-institutionalized population in England. The HSE focuses on different conditions and/or population subgroups each year, in addition to including a core set of questions. In HSE 2003 and 2006, the EQ-5D was included along with measures of cardiovascular disease and cardiovascular risk factors. 19 The HSE uses a multi-stage sampling procedure, stratified by proportion of households headed by someone in a non-manual occupation, and each address has an equal chance of selection. All adults within each household (to a maximum of 10, randomly selected if more) are eligible. Trained interviewers collected information face-to-face, including socio-demographical data, measured weight and height and provided the EQ-5D instrument for self-completion. Ethical approval was obtained from an appropriate Research Ethics Committee prior to each survey.
EQ-5D
The EQ-5D has five domains capturing mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each domain has three possible levels indicating no problems, moderate problems or severe problems. This results in a series of 243 possible health states. 20 Participant's responses on these five domains are converted to the EQ-5D index score using a time trade-off (TTO) method. The tariffs used in the current study have been derived for the UK in a separate sample in a study undertaken in the 1990s. Details are given elsewhere 21 but briefly, respondents were asked how long they were willing to spend in the optimal health state for it to be equivalent to 10 years in the particular health state in question. Shorter periods of time indicate a poorer health state. Responses were then transformed to create the EQ-5D scores, with higher scores corresponding to better health. The algorithm based on this external sample was applied to responses from HSE participants to create the EQ-5D index scores for each participant. The EQ Visual Analogue Scale was not included in the HSE.
Cardiovascular disease and risk factors
Measured height and weight were used to calculate body mass index and code participants to obese (BMI ! 30 kg m À2 ) or not obese (BMI < 30 kg m À2 ). Doctor-diagnosed heart attack, angina, stroke, hypertension and diabetes were reported by participants using a combination of two items: 'Have you ever had a heart attack (including myocardial infarction or coronary thrombosis)?' and 'Were you told by a doctor that you had a heart attack (including myocardial infarction or coronary thrombosis)?', and similarly for the other conditions.
Socio-demographic characteristics
Sex, age, ethnicity, occupation and educational attainment were reported by participants. For these analyses, ethnic group was coded as White, Mixed, Black/Black British, Asian/Asian British and other ethnic group according to the 2001 Census five category classification. EQ-5D scores for the mixed and other ethnic group categories are not presented due to small sample sizes but are included when ethnic group is used as an adjustment covariate. Socio-economic position based on the occupation was coded according to the National Statistics Socio-economic Classification (NSSEC) in five categories of occupation (managerial/professional occupations, intermediate occupations, small employers and own account workers, lower supervisory and technical occupations and semi-routine occupations) plus a separate category for those who could not be classified. Highest level qualification was coded as National Vocational Qualification (NVQ) NVQ4/NVQ5/degree level, Higher education below degree/NVQ3/A level equivalent, NVQ2/O level equivalent/NVQ1/CSE equivalent, No qualification.
Statistical analysis
Analyses accounted for the complex survey design and were weighted for non-response (using sampling weights based on known probability of sampling). Mean EQ-5D scores adjusted in 10-year age bands by socio-demographic group are presented initially. Linear regression was then used with EQ-5D as outcome to estimate EQ-5D scores for each cardiovascular or predisposing condition (each entered as a dummy variable) (i) in isolation (ii) simultaneously with other conditions to isolate the independent contribution of each and (iii) including interaction between condition and socio-economic position. In the latter model, social class was entered as a continuous variable and an interaction term representing the difference in social class gradient among those with and without the condition of interest was included. Age-adjusted mean EQ-5D scores by condition and social class are also presented. All regression models included sex, age in 10-year-age bands, ethnicity, educational attainment and socio-economic position.
Participants
Participants who were excluded because of missing EQ-5D index score were more likely to be older, in a lower socio-economic group (6% in managerial/professional occupations vs. 11% in semi-routine occupations), of lower educational attainment (15% of those with no qualifications vs. 5% of those with the highest qualifications) and non-White (20% vs. 7% of white participants). After excluding those with missing outcome and covariate data, a maximum of 26 104 were retained in the descriptive analyses but bases for each condition are given in the tables.
Results
The unadjusted mean EQ-5D index score was lower among older participants (table 1) . Age-standardized mean EQ-5D was lower for women compared with men and for those in lower socio-economic positions compared with those in the managerial and professional positions (table 1) .
The first set of adjusted analyses control for age, sex, ethnicity, educational attainment and socio-economic position, and consider each cardiovascular or predisposing condition in isolation (that is, ignoring comorbidity) ( European Journal of Public Health was 23%; being obese was associated with a 0.045 point lower mean EQ-5D score compared with non-obese participants. The cardiovascular condition associated with the greatest reduction in EQ-5D was stroke (0.160 point reduction). When all cardiovascular and associated conditions were included simultaneously, the independent contribution of stroke to EQ-5D index score remained the largest. Each of the conditions made a statistically significant contribution to mean EQ-5D score (P < 0.001 for each). Age-adjusted mean EQ-5D index scores by cardiovascular or associated condition stratified by socio-economic position are shown in table 3. Occupying a lower socio-economic position was associated with lower EQ-5D index score (table 4), independently of age, sex, ethnicity, educational attainment and condition. With one exception, the reduction in EQ-5D index score associated with having a cardiovascular or associated condition was greater among those occupying lower socio-economic positions. This interaction was statistically significant for obesity, hypertension and diabetes (figure 1). In other words, the discrepancy in HRQoL associated with obesity, hypertension or diabetes was more marked among those in lower socio-economic positions. An exception to this general pattern was seen for heart attack status. The reduction in EQ-5D index score associated with having ever had a doctor diagnosed heart attack was smaller among those occupying lower compared with higher socio-economic positions. Those in lower socio-economic positions were more likely to have multiple cardiovascular and predisposing conditions but this did not explain the differential impact of each condition on EQ-5D score (table 4) .
Discussion
This study considered reductions in HRQoL associated with a set of cardiovascular and predisposing conditions. Among those considered, stroke was associated with the greatest reduction in HRQoL. The conditions considered are correlated and several participants had two or more of these. Nevertheless, each made an independent contribution to lower HRQoL.
Previous studies point to the importance of stroke as a major determinant of EQ-5D index scores. [22] [23] [24] Mean EQ-5D index scores by stroke and angina status were very similar to estimates from the Medical SES = Socio-economic status a: Model 1 adjusted for sex, age group, ethnicity and educational attainment b: Model 2 adjusted for sex, age group, ethnicity, educational attainment and all other cardiovascular and predisposing conditions where statistically significant interaction between condition and SES was found in Model 1 *P < 0.05; **P < 0.01; ***P < 0.001 Figure 1 Age-adjusted mean EQ-5D score by socio-economic position and (a) obesity and (b) hypertension 
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Expenditure Panel Survey (MEPS). 5 Mean EQ-5D index scores for those who had diagnosed hypertension were a little higher in the current study and for those who had a diagnosed heart attack a little lower in the current study compared with counterparts in the MEPS (though the definitions for heart attack differed in the two studies). However, differences were small in magnitude and the estimates demonstrate considerable consistency across countries and studies.
One important finding of the study is the differential association between conditions and HRQoL according to socio-economic position. While the presence of obesity, hypertension or diabetes was associated with some reduction in HRQoL among those in the highest socio-economic groups, it was associated with a greater reduction in HRQoL for those in lower socio-economic groups. Explanations for this are beyond the scope of the current study. However, we did identify that the co-existence of multiple cardiovascular and associated conditions did not explain this finding and further analysis (available from the author) indicated that smoking behaviour did not explain it either. A complex set of pathways could underlie the interaction, including biomedical, psychosocial and behavioural factors, such that those in lower socio-economic groups with these conditions may have poorer physiological functioning, poorer adherence to medication, greater difficulty in adopting a healthy lifestyle and/or greater psychosocial stress which promotes disease progression 25 alongside less agency in amending their work and other social roles to cope with symptoms and disease. Narrowing of the health gap between those in more and less disadvantaged positions has been a key focus of previous UK governments in recent years and has led to targets for reductions in social inequalities in life expectancy and premature deaths from coronary heart disease and stroke and from cancer (as well as for smoking prevalence, infant mortality and teenage pregnancy). 26 ,27 A further step, and one supported by the current study, would be to reduce socio-economic inequalities in HRQoL.
Strengths and limitations
Some limitations must be acknowledged. Although the assumption, supported by longitudinal studies, is that disease precedes declines in HRQoL, this cannot be tested in the current study. A range of cardiovascular conditions and risk factors was considered but the HSE lacks details on the severity and management of these. Only one measure of HRQoL, namely the EQ-5D, was considered here. This measure has been extensively used in international studies, nevertheless, it is possible that alternative measures of HRQoL may accentuate different health conditions as being important. 28 The EQ-5D has also been criticized as a measure of HRQoL for community samples due to the ceiling effect. Indeed, over 50% of the respondents in this study scored the maximum of 1 and the scale additionally has a substantial jump between the maximum and next possible score (0.883). Alternative specifications of the regression model have been used in other studies though there is no agreement on the most suitable approach. 5, 13 Given this ceiling effect, the estimated differences by condition/risk factor and socio-economic position may be underestimated in this study.
Conclusions
These analyses are based on cross-sectional data and ignore the sequential development of conditions predisposing to cardiovascular disease to manifest disease. Nevertheless, the finding that the various conditions relate independently to HRQoL suggests that interventions at each stage of the disease process could benefit patients. The cost-effectiveness of many of those interventions remains to be determined and health policy-makers are required to produce impact assessments of costly new policies. 29 Increasingly, these use QALY valuations, as do NICE technology assessments. 30 The estimates produced in this study (also see Supplementary Table A1 ) could be used to compare the outcomes and utilities of various treatment strategy options. Commissioners and service providers may also wish to compare the outcomes of treatment. 31 While this may involve adjustment for socio-demographic characteristics, there is increasing interest in addressing equity and distributional issues in such comparisons. This study demonstrates that, after adjustment for other socio-demographic factors, HRQoL is strongly associated with socio-economic position and that socio-economic position modifies the relationship between some conditions predisposing to cardiovascular disease and HRQoL. The estimates produced in this study could be used to refine modelling and forecasting which supports health inequalities reduction, 32 by extending them to include HRQoL. In combination with prevalence or incidence data, the estimates could be used to help prioritize health and social care interventions.
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